The case is reported of a woman who died at the age of 36 from parathyroid carcinoma. The removal, seven years earlier, of a large parathyroid tumour, judged at that time to be benign, was followed by a remission of symptoms for about four years after which they recurred. At necropsy, a well-differentiated parathyroid carcinoma showed local invasion and lymph-node metastases in the neck. Review of the original 'adenoma' suggested that this growth might have been a carcinoma.
Individual experience of a rare condition such as carcinoma of the parathyroid must be limited and in consequence the natural history of the disease evolves from reviews of isolated case reports. Several excellent reviews have appeared in the literature since 1945, in particular by Norris (1948) , by Black and Ackerman (1950) , and by Black (1954) . It is difficult to assess accurately the true incidence of this tumour as varying criteria are adopted by different authors in determining the malignancy of a parathyroid tumour. For example, Alexander, Pemberton, Kepler, and Broders (1944) reported 13 'carcinomata' out of 14 cases of parathyroid tumour but these are rejected by Albright and Reifenstein (1948) as being questionable.
The assessment of Woolner, Keating, and Black (1952) that carcinoma of the parathyroid gland accounts for approximately 0-5 % of all cases of primary hyperparathyroidism appears to be realistic. The present case, which has particularly unusual features, is thus considered worthy of report.
Department at the Royal Infirmary on account of haematuria, together with frequency and scalding of micturition, and in addition it was noted that she complained of some weakness in her arms and legs, together with rheumatic type pains. Physical examination revealed no outstanding clinical abnormalities and the cause of the haematuria was not demonstrated. In August 1951 her symptoms of muscle weakness and general malaise became more marked; she now had persistent and severe stabbing pain in both legs and walked with a limp in the right leg. Skeletal type pains were also complained of in the chest and upper limbs. She had lost some weight and had developed thirst, polyuria, and nocturia.
There was amenorrhoea.
In 1952, now aged 29, she was admitted, and investigations showed a raised serum calcium level (14 8 and 15-1 mg./100 ml.), normal serum phosphorus (3-7 and 3-5 mg./100 ml.), raised serum alkaline phosphatase , and an iron-deficiency anaemia (Hb 10-2 g./100 ml.). Radiographs showed considerable osteoporosis of the ribs with several fractures, some of which were healing, and extreme rarefaction of the dorsal and lumbar vertebrae and skull with some denser shadows in the skull. Bilateral nephrocalcinosis was shown.
A diagnosis of hyperparathyroidism was made, and the patient was sent home pending admission to a surgical ward. However, in October 1952 she tripped and fell at home, and was thereupon admitted to the orthopaedic ward, where she was found to Chemical analyses showed raised serum calcium (15 2 mg./100 ml.), raised serum phosphorus (7-0 mg./ 100 ml.), and raised blood urea (141 mg./100 ml.) levels. The 24-hour excretion of calcium was 330 mg. in a urine volume of 510 ml. The electrophoretic pattern of serum proteins was normal. Radiographs showed general rarefaction of the skeleton, subperiosteal bone resorption in the phalanges of the hands, mottled rarefaction of the skull, and an ill-defined cystic lesion of the upper part of the right tibia. Bilateral nephrocalcinosis was again demonstrated, but the radiographs failed to reveal the diffuse pulmonary calcification which was found after death.
The patient was treated with gastric suction and intravenous fluid replacement therapy. At first there was some improvement, the blood urea then rose to 323 mg./100 ml. and the urine volume fell. Her general condition rapidly deteriorated and she died in coma three weeks after admission.
POST-MORTEM EXAMINATION AND HISTOLOGY
The post-mortem examination was conducted within 24 hours of death.
Externally, the body was that of a middle-aged woman of slim build with very little subcutaneous fat. There was a faint scar across the front of the lower part of the neck and an old paramedial abdominal scar through which the appendix had at some time been removed. Both femurs and both forearms appeared to be slightly bowed.
The internal examination revealed important changes in the region of the parathyroid glands, in the bones, in the kidneys, and in the lungs.
As for the other organs, the heart was firm and small and weighed 230 g.; the aorta, coronary and other arteries were almost free from atheroma; the brain weighed 1,230 g. and its substance, together with the meninges and blood vessels, appeared normal; the whole alimentary tract was examined and there was found a small posterior wall pouch distal to the pylorus representing a healed duodenal ulcer, a healthy appendicectomy site, but no tumours or other abnormality; the pancreas was normal; the liver weighed 1,650 g. and showed slight fatty change but no necroses or metastases; the pelvic organs were all normal; the pituitary gland and both adrenals were normal; there was no general enlargement of lymph glands and no evidence of metastatic new growth outside the region of the neck. Histological sections were prepared of all the structures mentioned and no pathological changes were observed.
PARATHYROID GLANDS AND NECK The left inferior parathyroid gland, which was the seat of the adenoma removed seven years previously, was not identified, but just below the lower pole of the left lateral lobe of the thyroid gland there was a nodule of partially calcified tissue, resembling a tuberculous lymph gland since soft creamy material exuded from the sliced surface. It proved later to be parathyroid tissue.
On the right side of the neck a small firm tumour presented in the substance of the lower pole of the lateral lobe of the thyroid gland. It was 22 mm. across and showed radial nodules grossly resembling a carcinomatous metastasis in the thyroid but, on being proved to be of parathyroid tissue, it was interpreted as a tumourous development of the right inferior gland. On the same side there were some firm and enlarged lymph glands, one immediately below the tumour within the thyroid capsule and others in a small group opposite the hyoid. The superior parathyroid glands were not found.
Histological examination showed parathyroid tumour in the lymph gland on the left side, in the nodule within the right lower pole of the thyroid, in the lymph gland just below this, and in one of a small group of lymph glands at the level of the hyoid.
In all situations the parathyroid growth has the same histological pattern. It consists of finely lobulated masses of uniform box-like cells with slightly granular but feebly staining cytoplasm and regular rounded nuclei, but mitotic figures and binucleated cells are not infrequent (Fig. 1 ). Central necrosis with calcification occurs in the centre of some of the large cell masses (Fig. 2) and there is patchy calcification of some of the fibrous septa. At the edge of the tumour in the right lobe of the thyroid there is distinct infiltration by the tumour cells of the fibrous capsule and attached striped muscle (Fig. 3) . In the group of lymph glands to the right of the hyoid, parathyroid tumour metastasis appears in one of the glands (Fig. 4) .
BONES Osteitis fibrosa was seen in diffuse or focal form in several bones. The vault of the skull was thickened up to 1 cm. with loss of diploe, and the histological sections (Fig. 5) show a diffuse form of osteitis fibrosa with many areas of osteoclasis but also much new apposition of coarse-fibred bone upon previously eroded trabeculae. A more osteolytic form is seen in sections of one iliac crest.
Several bone specimens were radiographed after death, and diffuse osteitis fibrosa demonstrated in the seventh and eighth right ribs and a more cystic lesion in the upper end of the right tibia (Fig. 6 ).
KIDNEYS Each kidney weighed 120 g. and the appearances of each were similar. The capsule was adherent over a very granular cortex which, on slicing, was indistinctly separated from the medulla. There were a few small cysts in the cortex and a small leiomyoma in the left pole of the kidney just below the capsule. In the medulla, dilated tubules could be observed and their walls seemed to be calcified. There was a general sensation of grittiness on the cut surface of each kidney.
A post-mortem radiograph of the kidneys showed very heavy calcinosis, mainly picking out the pyramids of the medulla (Fig. 7) .
Sections show these larger masses to be surrounded by cellular fibrous tissue in areas where the normal structure of the kidney has been much destroyed. But there are also large deposits of calcium within the collecting tubules and within the lumen and in the ceUs of scattered convoluted tubules in the cortex. There is also chronic pyelonephritis.
LUNGS The lungs were heavy and firm and greatly distended as though in the position of inspiration but samples of all parts of the lungs floated in water. On slicing a fine honeycombing of the surface could be seen and the interlobular septa stood out very clearly as a mosaic in both the cut and the subpleural surfaces.
Histologically there is most extensive pulmonary calcinosis. This takes the form of thin plates of calcium in the alveolar walls (Fig. 8) . The majority of the alveoli in all parts of both lungs are so affected though the collar of calcium is not complete around every alveolus. In favourable fields in the section it seems that the calcium has been deposited between the capillary endothelium and the alveolar epithelium. There is also calcinosis of the media of many blood vessels, both arteries and veins, ranging in diameter from approximately 50 to 300 I.. There are no large focal calcified masses. In many alveoli there is epithelial proliferation with mucinous exudate and a light polymorph emigration, though the distension of the lungs, which were not airless, seems to be due to the rigidity of the alveolar structure rather than to pneumonic exudate. fixation. Secondly, the fibrous capsule is seen in section to be split by small islands of tumour tissue. Thirdly, here and there throughout the tumour are cells in mitosis (Fig. 9) .
DISCUSSION
The patient whose case we report had a hyperfunctioning parathyroid tumour removed which at the time was thought on reasonable grounds to be benign. Seven years later she died after recurrence of manifest hyperparathyroidism, and necropsy showed a locally invasive parathyroid tumour on the opposite side and lymph-node metastases on both sides of the neck, together with osteitis fibrosa of several bones and calcinosis of lungs and kidneys.
Adenoma of the parathyroid gland accounts for about nine out of 10 cases of primary hyperparathyroidism, the other causes being primary hyperplasia and hypertrophy (Castleman, 1952 in about a third of the cases (Rapoport et al., 1960) . Black and Ackerman were loath to accept even local invasion of the tumour as one of the criteria if this was not present at the time of the initial operation, believing that spread from a previously resected tumour might be due to a local recurrence caused by the implantation of spilt cells from the adenoma at the time of operation. This view appears extreme and is rejected by Castleman (1952) who believes that local recurrence occurring after the removal of a tumour is proof that the original lesion was a carcinoma. Although non-functioning parathyroid carcinoma may occur, it would be virtually impossible to distinguish from carcinoma of the thyroid gland and it is best excluded from consideration. The series of 46 cases collected by Jordan, Curd, Gyorkey, and DeBakey (1958) , for example, contains many which showed no proof of parathyroid function.
The recorded cases of parathyroid carcinoma meeting the more rigid requirements of proven hyperfunction with local invasion or metastasis reach only a limited total, but their number is gradually increasing and Tange (1958) is right to point out that the possibility of carcinoma in a case of hyperparathyroidism is becoming a consideration of importance to the practising surgeon.
Tange, writing from Melbourne, analyses 24 reported cases, seven with lymph-node metastases, seven with local recurrence, and four with local invasion but no recurrence, and he adds a case of his own. When Tange's series is collated with that of Rapoport et al. (1960) , who start from the earlier series of Black (1954) , there seem to be 31 reported cases of parathyroid carcinoma to which may be added the cases of Cook (1958) , of Wright and Mathieson (1958) , of Kleinfeld (1959, two cases), and of Summers, Hawe, and Davis (1959) . These with our present case make a total of 37 cases on record, which is a minimum since the literature has not been exhaustively searched.
Our case was undoubtedly one of parathyroid carcinoma though not recognized as such until necropsy. The main tumour mass lay on the opposite side of the neck from which the original tumour was removed and the presence of parathyroid tissue in the lymph glands on both sides of the neck confirms that this was indeed a malignant invasive tumour and not an implantation recurrence. As to the nature of the original tumour removed seven years before death, there are two possibilities: either this tumour was an adenoma and the patient subsequently developed a carcinoma of another parathyroid gland, or the tumour removed was in fact a carcinoma and had already metastasized. We favour the second of these alternatives since review of the original growth does reveal some mitotic figures and invasion of the fibrous capsule by the cells of this very large tumour. Castleman (1952) notes that many cases of carcinoma have long histories and suggests that all carcinomas of the parathyroid gland might originate in adenomas, although conceding that this hypothesis would be difficult to prove. Recurrence of symptoms is by no means unusual and the progress of the disease is not rapid. Black (1954) refers to 16 cases that relapsed after operation; 15 of these were dead after the disease had run its course for periods ranging from eight months to 20 years (average duration 69-5 months). In a few of these cases a second operation was performed.
A remarkable example of a relapsing course due to the growth of successive tumour nodules has recently been reported by Summers et al. (1959) in a man aged 46 with a long history of duodenal ulcer and of hyperparathyroidism. Five years before death, a parathyroid tumour, with no obvious features of carcinoma, apart from occasional mitotic figures, was removed from behind the left lobe of the thyroid. Symptoms and signs of hyperparathyroidism recurred and the right lobe of the thyroid containing a normal parathyroid gland was excised without ameliorating the condition; a few months later a large parathyroid tumour was removed from behind the left clavicle but symptoms persisted. The patient died a little later and necropsy showed extensive infiltration of the left lobe of the thyroid gland by invasive parathyroid tumour. There was renal but no pulmonary calcinosis.
The difficulties facing the surgeon operating on a parathyroid tumour in deciding whether a given tumour is malignant have been stressed by both Norris (1948) and by Cope, Nardi, and Castleman (1953) . They point out that the adherence of the tumour to the surrounding structures and difficulty in dissecting it out should suggest the possibility of malignancy. It has also been noted that carcinomas are usually larger tumours than adenomas and the presence of a palpable mass in the neck before operation should put the surgeon on his guard. Black (1954) observed that carcinomas have approximately three times the volume of an adenoma and it is of interest that the tumour was large and was palpable in the neck of our patient at her first operation.
The recurrence of symptoms of hyperparathyroidism after the successful removal of an apparent parathyroid adenoma should also raise the possibility of the malignancy of the original tumour. Multiple adenomas which account for some 6 to 8 % of all cases of hyperparathyroidism (Castleman, 1952) must be thought of, but they usually declare themselves by the persistence of the symptoms of hyperparathyroidism immediately after the removal of one adenoma; they are less likely to cause recurrence of symptoms after a considerable lapse of time. True recurrence of a benign parathyroid adenoma appears to be extremely rare and Greenfield, Vemer, and Engel (1959), reporting one case, could find only one other in the literature.
Our patient showed very extensive metastatic calcification involving the kidneys and lungs. This finding is common with carcinoma of the parathyroid, and Black (1954) found nephrocalcinosis to be present in eight out of 10 patients coming to necropsy. This high incidence of nephrocalcinosis presumably reflects the length of time to which the tissues of these patients are exposed to high concentrations of calcium salts. Metastatic calcification is a well recognized complication of hyperparathyroidism, from whatever cause; its localization in the kidneys, lungs, and stomach is ascribed to the fact that these organs secrete acid and thus leave the tissues relatively alkaline, a condition that favours the precipitation of calcium salts from the blood (Anderson, 1957) .
The clinical history of this patient in the four years before death is the final point of interest. The recurrence of symptoms of nausea, vomiting, and epigastric pain following some time after operation was attributed to a recurrence of the chronic duodenal ulcer from which she had previously suffered, especially as there were signs suggesting pyloric obstruction. The absence of radiological confirmation of this diagnosis should, in retrospect, have stimulated a search for biochemical evidence of recurrent hyperparathyroidism, as gastro-intestinal symptoms such as anorexia, nausea and vomiting, and abdominal pain are not infrequently the dominant symptoms in this condition. At the time of her last admission to hospital it was obvious that the gastro-intestinal symptoms were indeed due to acute parathyroid poisoning as described by Albright and Reifenstein (1948) . Atsmon, Frank, Nathan, and de Vries (1960) have stressed the serious prognosis in this condition. Duodenal scarring was found at
